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Cable semiconducting shield 
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A cable comprising one or more electrical con- 





ductors or communications media or a core of two or 
more electrical conductors or communications media, 
each electrical conductor, communications medium, or 
core being surrounded by a layer comprising: 

(a) polyethylene; polypropylene; or mixtures 
thereof; 

(b) carbon nanotubes; 

(c) optionally, a conductive carbon black other than 
carbon nanotubes; and 

(d) optionally, a copolymer of acrylonitrile and buta- 
diene wherein the acrylonitrile is present in an 
amount of about 30 to about 60 percent by weight 
based on the weight of the copolymer or a silicone 
rubber. 
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Description 
Technical Field 

: [0001] This invention relates mainly to a power cable having a semiconducting shield. 
Background Information 

[0002] A typical electric power cable generally comprises one or more conductor in a cable core that is surround 

■■ [0003] Polymeric semiconducting shields have been utilized in multilayered power cable construction for m«n„ rW 

Thole shlT * 7 t0 fabriCate S0 ' id die,6CtriC POW6r Cables ^ £ vota^JSTSn^ k o To t( k V " 
These shields are used to prov.de layers of intermediate conductivity between the high potential conductor and thi or ' 
mary .nsu.at.on, and between the primary insulation and the round or neutral potentfal ThTvolln^ Z ist \2*U*Z 
-m.conduct.ng materials is typically in the range of 10- to io» ohm-cm when'measld on cZZTZer ^l 

STnn hi kT 9 meth ° dS d6SCribed in ,CEA S " 66 - 524 - section 612 - " IEC 60502-2 (1997) Ann^T^ 
stnppable sh.e.d composrt.ons contain a polyolefin, such as ethy.ene/vinyl acetate copolymer with a highly, achate 

ZmLZ Tt f C r b ' aCk ' ^ ° r9aniC Per0XidS crossli " ki "9 agent, and other conventional addLTslch Is a 
nitnle rubber, which functions as a strip force reduction aid, processing aids, and antioxidants These compositions aVe 

4 V^STSt " 9ranU o r ° f PeHet f ° rm - POly ° lefin formu ' a «°ns such as these are dWo^^iSaSTSi; 
4,286,023 and European Patent Application 420 271. The shield composition is. typically introduced into an exS 
where ,t is co-extruded around an electrical conductor at a temperature lower than the loZpoTontrnoe^Tjf 
the organic peroxide to form a cable. The cable is then exposed to higher temperatures at which thTorgaTc peroxide 
decomposes to provide free radicals, which crosslink the polymer. 9 perox.de 

[0004] In order to provide a semiconducting shield it is necessary to incorporate conductive particles into the com 

AS™ " ^482 S 0 U ?3?(MuL° inf B E T^f ^^aT ^ ^ ^ SUrf3Ce — * SSS^ 

chiJiH 4820 ; 93a ( Mult| P° ,nt BET - N'trogen Adsorption). The carbon blacks have been used in the semiconductino 
sh,eld compos.t.on in an amount of about 20 to about 60 percent by weight based on the vwiqT^7co^Sri^S 

SSTSSTS in k an amou H of ? out 25 to about 45 percent by wei9ht - Both ^^S^ZZ 

ductivity carbon blacks are used with standard conductivity blacks beina oreferrpri Fvamnioc !1 I 

are es flas T? ov as ™ N55 °' N - 72 ' nJ ' • - oSn p ^.„ E ;sr«rr ,ve c ** on 
5h -^"jsrirsx •** wn,ch ' - a « - — — 

Disclosure of the Invention 

t™lf An ob i ect ° f «»* invention, therefore, is to provide a cable having an improved semiconducting shield in 
OuoT Str A Ucture w and t c ° nduc « v ^ Other objects and advantages will become apparent hereinafter. 9 
conductor 9 6 mVenti0n ' SUCh 3 Cab ' e haS been disco ^red. The cable comprises one or more electrical 

Zo^T ° r H CO t mmunlCat,ons media ° r a eor. of two or more e.ectrical conductors or communicationT med a eTh 
electrical conductor, commun.cations medium, or core being surrounded by a layer comprising: 

(a) polyethylene; polypropylene; or mixtures thereof; 

(b) carbon nanotubes; 

(c) optionally, a conductive carbon black oiherthan carbon nanotubes- and 

(d) optionally, a copolymer of acrylonitrile and butadiene 

2°zzzT:sL°i°:s* in an amoum - — 30 » — 60 — • * <-*» «— « - ... 

Description of the Preferred Embodiment(s) 

S n m n P r? ,yethy,ene ' " ** ^ h U8ed herein * is 3 h °™P°'y™r of ethylene or a copolymer of ethylene and a 
m,nor proport.on of one or more a.pha-o.efins having 3 to 1 2 carbon atoms, and preferably 4 XoT^^Z ^, 
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optionally, a diene, or a mixture or blend of such homopolymers and copolymers. The mixture can be a mechanical 
blend or an in situ blend of two or more polymers. Examples of the alpha-olefins are propylene, 1-butene, 1-hexene, 4- 
methyl-1 -pentene, and 1 -octene. The polyethylene can also be a copolymer of ethylene and an unsaturated ester such 
as a vinyl ester, e.g., vinyl acetate or an acrylic or methacrylic acid ester, which are preferably used in semiconducting 
5 shields. 

[0009] The polyethylene can be homogeneous or heterogeneous. The homogeneous polyethylenes usually have a 
polydispersity (Mw/Mn) in the range of about 1 .5 to about 3.5 and an essentially uniform comonomer distribution, and 
are characterized by single and relatively low DSC melting points. The heterogeneous polyethylenes, on the other 
hand, have a polydispersity (Mw/Mn) greater than 3.5 and do not have a uniform comonomer distribution. Mw is defined 
w as weight average molecular weight and Mn is defined as number average molecular weight. The polyethylenes can 
have a density in the range of 0.860 to 0.950 gram per cubic centimeter, and preferably have a density in the range of 
0.870 to about 0.930 gram per cubic centimeter. They also can have a melt index in the range of about 0.1 to about 50 
grams per 10 minutes. 

[0010] The polyethylenes can be produced by low or high pressure processes. They are preferably produced in the 
15 gas phase, but they can also be produced in the liquid phase in solutions or slurries by conventional techniques. Low 
pressure processes are typically run at pressures below 1000 psi (pounds per square inch) whereas high pressure 
processes are typically run at pressures above 15,000 psi. 

[001 1 ] Typical catalyst systems, which can be used to prepare these polyethylenes, are magnesium/titanium based 
catalyst systems, which can be exemplified by the catalyst system described in United States patent 4,302,565 (heter- 

20 ogeneous polyethylenes); vanadium based catalyst systems such as those described in United States patents 
4,508,842 (heterogeneous polyethylenes) and 5,332,793; 5,342,907; and 5,410,003 (homogeneous polyethylenes); a 
chromium based catalyst system such as that described in United States patent 4,101 ,445; a metallocene catalyst sys- 
tem such as those described in United States patents 4,937,299, 5,272,236, 5,278,272, and 5,317,036 (homogeneous 
polyethylenes); or other transition metal catalyst systems. Many of these catalyst systems are often referred to as Zie- 

25 gler-Natta catalyst systems or Phillips catalyst systems. Catalyst systems, which use chromium or molybdenum oxides 
on silica-alumina supports, can be included here. Typical processes for preparing the polyethylenes are also described 
in the aforementioned patents. Typical in situ polyethylene blends and processes and catalyst systems for providing 
same are described in United States Patents 5,371 ,1 45 and 5,405,901 . The various polyethylenes can include low den- 
sity homopolymers of ethylene made by high pressure processes (HP-LDPEs), linear low density polyethylenes (LLD- 

30 PEs), very low density polyethylenes (VLDPEs), medium density polyethylenes (MDPEs), high density polyethylene 
(HDPE) having a density greater than 0.940 gram per cubic centimeter and metallocene copolymers with densities less 
than 0.900 gram per cubic centimeter. The latter five polyethylenes are generally made by low pressure processes. A 
conventional high pressure process is described in Introduction to Polymer Chemistry, Sti lie, Wiley and Sons, New York, 
1962, pages 149 to 151. The high pressure processes are typically free radical initiated polymerizations conducted in 

35 a tubular reactor or a stirred autoclave. In the stirred autoclave, the pressure is in the range of about 1 0,000 to 30,000 
psi and the temperature is in the range of about 1 75 to about 250 degrees C, and in the tubular reactor, the pressure is 
in the range of about 25,000 to about 45,000 psi and the temperature is in the range of about 200 to about 350 degrees 
C. 

[0012] HP-LDPE and the copolymers of ethylene and unsaturated esters are generally made by these high pres- 
to sure processes. Blends of high pressure polyethylene and metallocene resins can also be used, the former component 
because of its excellent processability and the latter because of its flexibility. 

[0013] As noted, the copolymers comprised of ethylene and unsaturated esters can be prepared by the conven- 
tional high pressure techniques described above and are preferred for semiconducting shields. The unsaturated esters 
can be alkyl acrylates, alkyl methacrylates, and vinyl carboxylates. The alkyl group can have 1 to 8 carbon atoms and 

45 preferably has 1 to 4 carbon atoms. The carboxylate group can have 2 to 8 carbon atoms and preferably has 2 to 5 car- 
bon atoms. In semiconducting shields, the portion of the copolymer attributed to the ester comonomer can be in the 
range of about 20 to about 55 percent by weight based on the weight of the copolymer, and is preferably in the range 
of about 35 to about 55 percent by weight The ester can have about 4 to about 20 carbon atoms, and preferably has 
about 4 to about 7 carbon atoms. Examples of vinyl esters (or carboxylates) are vinyl acetate, vinyl butyrate, vinyl 

50 pivalate, vinyl neononanoate, vinyl neodecanoate, and vinyl 2-ethylhexanoate. Vinyl acetate is preferred. Examples of 
acrylic and methacrylic acid esters are lauryl methacrylate; myristyl methacrylate; patmityl methacrylate; stearyl meth- 
acrylate; 3-methacryloxy-propyltrimethoxysilane; 3-methacryloxypropyltriethoxysilane; cyclohexyl methacrylate; n-hex- 
ylmethacrylate; isodecyl methacrylate; 2-methoxyethyl methacrylate; tetrahydrofurfuryl methacrylate; octyl 
methacrylate; 2-phenoxyethyl methacrylate; isobornyl methacrylate; is ooctylmeth aery late; octyl methacrylate; isooctyl 

55 methacrylate; oleyl methacrylate; ethyl acrylate; methyl acrylate; t-butyl acrylate; n-butyl acrylate; and 2-ethylhexyl acr- 
ylate. Methyl acrylate, ethyl acrylate, and n- or t-butyl acrylate are preferred. The alkyl group can be substituted with an 
oxyalkyltrialkoxysilane, for example. The copolymers can have a density in the range of 0.900 to 0.990 gram per cubic 
centimeter, and preferably have a density in the range of 0.920 to 0.970 gram per cubic centimeter. The copolymers can 
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and an unsaturated ester is described in ^ ^Tp^^mTs^ * ' C ° P ° Vmer ° f ethy,ene 

eter. It can be produced, for example in the preset ^^ -1 T range of 0 870 10 ° ™ 9™ per cubic centim- 
containing magnesium, titanium, a'ha.ogen a din de^on 'S^S^flT^ <"> * Catalyst 

donor, an alky, aluminum ha.ide modifie?, and a t^^^^SS^^T^r^ ™ 
are described, respectively, in United States patents 4 101^^ ^^?^^^™^^ VLDPE 
VLDPE can be in the range of about 0 1 to about 1 00 orl™ nZ fn 4,3 ° 2 / 565 ' and 4 -^,8A2. The melt index of the 
about 50 grams per 1 o rites. The portion o?the VLDk IXm Z T " ^ ° f ab0Ut 1 to 

in the range of about 1 to about 49 percent bv watahTh^H ,t comonomer(s), other than ethylene, can be 

range of about 1 5 to about 40 p^S^Z^!!^T ^ k ° f C ° P °' ymer and is * the 

diene such as ethy.idene norbomene, butadiene C 4 ^ ^ * PhM 0r a 
mers and emy.ene/ prop y,ene/dieneterpolymeK 'arc *B^r^nL^^2 d,en * Ethy,ene/ P ro Py'ene copoly- 
referred to as an EPDM. The third comonomerin be ^ r l ° 33 EPRS 3nd the ter Polymer is generally 

on the weight of the copolymer and ZSSS^^SZJ ZlTtV ?T "° ™ 0*™" * ^ based 

ST — - ,ymer c r tain - — about 1 0 percent by wei9ht - ,i is 

S o£^Z^£2^^™ 7 - "near, but, genera„y, has a densKy in the 
having 3 to 12 carbon atoms, and preferably 3 t 8 ll^ZTr*™? T^™ ™" ^ °' m ° re alpha-olefins 
about 1 00 grams per 1 o minutes, and is preferLlv ?„ th ^noToT h IT °™ be * the ra " ge ° f about 01 to 

olefins can be the same as those mentioned above andtte ca^t h * ° ^ ^ 1 ° ^ a, P ha " 

iations necessary to obtain the desired Zl^Z^^ Pr ° CeSSeS ™ ^ the S3me t0 



15 



[0015] 

20 



30 



35 



40 



?R mm CI A ™iwiMca emu iiicit inuicss. 

" Z Pressl 5 P^ss^:^ ^ — * a conventional 

timeter. The homopolymer can also Ze ^meltlnde^ in "he 11 V*? 9 * ° f ° * 0 " 93 ° 9ram per cubic cen ' 

ssr rrr in r in the range *™™»^s£T* it 5 9rams per 1 0 ^ an ° 

by adding hydro.yzable groups such J^TSSSSJ? fs a hvdro7 L ! bydro,y2able ' which * accomplished 
lymerization or grafting. Suitable crosslinWna aaente ITrllf hydrocarbyl radlca ' to the resin structure through copo- 
di(t-buty. P eroxy)hexane; t-buty. cl^e^ 

preferred. Hydrolyzab.e groups can be added ^ar^eT^^ ° iCUmyl P eroxide is 

rated compound having one or more -SifOm arLZ Zh X COp °. lyme u r,z,n 9 eth >" ene witn an ethylenically unsatu- 
methacry,oxypropy,trim^^ 

tioned organic peroxides. The hydrolyzaLle resins are the ZZZl T " the PreSence of the aforem a"- 

sation catalyst such as dibutyltin dilaSe TZ^JS^lT^ Y m °' StUre ,n the presence of a ailanol conden- 
and zinc caprylate. Dibutyitin di.a^te I 2 £T^Zro^T' ^ ^ naPhthenate ' 

copolymers are ethylene/vinyltrimethoxy silane ISlvZ ^ dr °' y2able co P°lyniers and hydrolyzable grafted 
copolymer, vinyltrimethoxy silane gS ^^eSne^E^ate^f ^^^y^Py^e^ silane 

ir C ondui app h r t ^ 

4S the moisture cured insulation 2 Outlined above «^P-*on would then be prepared in the same manner as 

s wheS r p 0 z o o rc;^3rn^ r r py,ene - - - — — a,p h , 

weight of the copolymer can be useJ fby memseTes or fn adS, ST ^ 6 ° P6rCent by weight bas ad on the 
pared by conventional processes such afthTpro^ dLcSru W nL P t? y ' ene - ^ P ° lypro PV te " e can be pre- 
50 o^ e r P °' ymer Preferably those having 2 or A tc M SI" 'atoms " ^ 4 ' 414 - 132 ' The alpha -° ,efins 

high sL^sTrrsSS - made of carbon and are 

gled three dimensiona, network). Tb^Z^^^^^^^T f ucture and configuration (an entan- 
as described in United States patent 5,707 916 f ' br " S a " d 9raphite fibri,s - and can be prepared 

S a ho^^m^n i n^rSS^ 2nT *?n S ° f eight ° f rol,ed - Up graphita sba ^ 
tube is 1 to 10 microns. Each of the t^l^ZS^TJii^ m.cron <100 Angstroms). The ,ength of the 
acicu,ar or serpentine. They usua.ly fppL as I 
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have a high level of electrical conductivity. Graphite fibrils are vapor grown graphitic carbon nanotubes. They are pro- 
duced as agglomerates somewhat like steel wool pads although, of course, on a much smaller scale. The carbon nan- 
otubes have a black color and their composition is essentially pure carbon with a trace of residual metal oxide catalyst, 
which means that they can be considered clean with a low concentration of metal ions. Because of their porous struc- 
5 ture, they have a very low bulk density, i.e., about 0.10 gram per cubic centimeter or 6.24 pounds per cubic foot; the 
BET surface area is about 250 square meters per gram; and the DBP Absorption is 450 cubic centimeter per 100 
grams. 

[0023] When the carbon nanotubes are essentially the only carbon in the semiconducting layer composition, they 
can be used in amounts of about 1 to about 35 parts by weight per 1 00 parts by weight of component (a), and are pref- 
io erably used in amounts of 2 to about 20 parts by weight. When they are used together with another conductive carbon 
black, the weight ratio of carbon nanotubes to conductive carbon black can be about 0.1 :1 to about 10:1, and the total 
of carbon nanotubes and other conductive carbon black can be in the range of about 5 to about 80 parts by weight per 
100 parts by weight of component (a). 

[0024] Component (c) is optional, and can be a conventional conductive carbon black commonly used in semicon- 
75 ducting shields. These carbon blacks are described above. Subject to the above weight ratios and parts by weight, the 
conductive carbon black other than carbon nanotubes can be used in amounts of about 1 3 to about 1 00 parts by weight 
per 100 parts by weight of component (a). 

[0025] Component (d) is also optional. It can be a copolymer of acrylonitrile and butadiene wherein the acrylonitrile 
is present in an amount of about 30 to about 60 percent by weight based on the weight of the copolymer, and is prefer- 
20 ably present in an amount of about 40 to about 50 percent by weight. This copolymer is also known as a nitrile rubber 
or an acrylonitrile/butadiene copolymer rubber. The density can be, for example, 0.98 gram per cubic centimeter and 
the Mooney Viscosity can be (ML 1+4) 50. Component (d) can also be a silicone rubber. The components are com- 
monly used in semiconducting shields. 

[0026] For each 100 parts by weight of component (a), i.e., polyethylene, polypropylene, or mixtures thereof, the 
25 other components can be present in about the following values (in parts by weight): 



component 


broad range 


preferred range 


(b) 


carbon nanotubes 


1 to 35 


2 to 20 


(c) 


conductive carbon black (optional) 


13 to 100 


15 to 80 


(d) 


nitrile rubber* or 


10 to 60 


15 to 45 




silicone rubber (optional) 


1 to 10 


3 to 8 




weight ratio of (b) to (c) 


0.1:1 to 10:1 


0.2:1 to 3:1 ; 



* nitrile rubber is a copolymer of acrylonitrile and butadiene. 



AO 

[0027] Component (a) can be crosslinked. This is accomplished in a conventional manner with an organic peroxide 
or irradiation, the former being preferred. The amount of organic peroxide used can be in the range of about 0.15 to 
about 0.8 part by weight of organic peroxide for each 100 parts by weight of component (a), and is preferably in the 
range of about 0.3 to about 0.6 part by weight. Organic peroxide crosslinking temperatures can be in the range of about 

45 130 to about 250 degrees C and are preferably in the range of about 140 to about 210 degrees C. 

[0028] Examples of organic peroxides useful in crosslinking are dicumyl peroxide; t-butyl cumyl,peroxide; lauroyl 
peroxide; benzoyl peroxide; tertiary butyl perbenzoate; di (tertiary-butyl) peroxide; cumene hydroperoxide; 2,5-dimethyl- 
2,5-di(t-butyl-peroxy)hexyne-3; 2,5-dimethyl-2,5-di(t-butyl-peroxy)hexane; tertiary butyl hydroperoxide; isopropyl per- 
carbonate; and alpha.alpha'-bis^ertiary-butylperoxyjdiisopropylbenzene. 

so [0029] Another form of crosslinking is by irradiation, typically by electron beam. The composition in pellet form is 
subjected to an electron beam at a given dose rate or exposed to a Gamma source of specific strength for a given 
period of time to impart a specific dose rate of radiation. 

[0030] Conventional additives, which can be introduced into the composition, are exemplified by antioxidants, cou- 
pling agents, ultraviolet absorbers or stabilizers, antistatic agents, pigments, dyes, nucleating agents, reinforcing fillers 
55 or polymer additives, slip agents, plasticizers, processing aids, lubricants, viscosity control agents, tackifiers, anti-block- 
ing agents, surfactants, extender oils, metal deactivators, voltage stabilizers, flame retardant fillers and additives, 
crosslinking agents, boosters, and catalysts, and smoke suppressants. Additives and fillers can be added in amounts 
ranging from less than about 0.1 to more than about 50 percent by weight based on the weight of the composition. 
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[0031] 



methyl-6-tert-butylpheno ), 4,4^K1 ^ 

pheny.)phosphite and di-tert*u V lphen y L h XZi th^ ™* Pontes such as tris(2,4-di-tert-butyl- 
dimyristylthiodipropionate, and dlst^l^Son^ri^ ° om P° unds such as dilaurylthiodipropionate, 
2,2,4-trimethyM ,2-dihydroquinoline A 4' 2T a ^ T ° U f h S 0XaneS; a " d Various amines as polymerized 
nylamines. Antioxidants can be used in lu^ olTTTf )diphe ^ lamine - a " d alkylated" diphe- 

composition. UntS ° f about 01 to about 5 Percent by weight based on the weight of the 



20 



25 



4S 



50 



55 



10 TuL ^^c^£^^^^ r °?« comM — • and — *"» 

and then peiletized using a pelletizer attachment Ti^' US a 7\ )T COmpOSition is " a melt/mixer 

name implies, and the extruder, in effect ha7e rneLo ^ Pt6d f ° r P 6 "^'^- Both the melt/mixer, as the 

known to those skiHed in the art iS^JZ^ri'^ 2 !?'' a ' th ° U9h Vari ° US SSCtions ° f each are 
« prepared in various types of melt/mixei and e^el t h com P ositi °" <* the invention can be 

Buss™ co-kneade, a biaxial screw Z^j^"^" ' B "? ande '" Ba " b ^™ "** a roll mi.,, a 

tional extrudercan be found in United States^tenH 857 600 1 * ° f a C — 

or a core of wires. An example of co-extrusion and an i^r^tolT 1 ™V™™g, the extruder can coat a wire 
A typical extruder has a hopper at its upstream end and die at £ d ^ f ""^ ^ Patent 5 ' 575 ' 965 - 

which contains a screw. At the downstream e"c be^en the end of T ^ h ° PP6r feedS int ° a barrel - 

breaker plate. The screw portion of the extruder is IS o h 'n 1/^ ^ * e * 3 SCreen P ack and a 
compression section, and the metering J^T^^^S!? t " T S6Cti ° nS ' **" ^ th * 
and zones running from upstream to downstream In thf ' ?• baC * heat zone and the ^ont heat zone, the sections 
two) along the axis running'from ups^ ^ (more than 

series. The length to diameter ratio of each barrel is in thTranSe of abou^ S ? t „ barr6 ' S afe COnnected in 
material is crosslinked after extrusion, the die of the crosaheaS feedt^I » ° ab ° Ut 30:1 " ,n Wire coatin 9- where the 
maintained at a temperature in the range of aboSo^'"'? ^ ^ and this zone can b * 

about 220°C. uotc about 260 c - and preferably in the range of about 140°C to 

[0033] The advantages of the invention are as follows- Wher P th* ^rt™„ 

so roughness between the insulation and the semiconductTna shS i f. • ■ ♦ 1 esse "t«ally cartoon nanotubes, interface 
ing shield is increased. Where a combina^onT^ ™ d the c,eanliness * the semiconduct- 

is a lower total cost; a cleaner composition lowe^ S£ 31s hinhl T C ° ndUCtiVe carbon b,ack is us a d - there 
use compounding; and better mJ^'^^^^fZ P '° dUC ,0n rates; easier manufacturing and end 
that 1 part by weight of carbon nanotubes prov^e^ adva "tages of the combination is 

35 carbon black. Further, there can be a synergic ^ 7 " 5 ^^ W ^ dw ^ 
blacks with respect to electrical properties nan ° tUbeS and the C ° nductive carbon 
terns containing only conductive carbon bfacS Z a £Z^£?2l " ,a " W * h time than 

is also a benefit with respect to rheological properties in terms of lowe^? 0 nan ° tUbe b ' endS are ™ re stab 'e. There 
in compounding; improve possibility- and lower extrusZtm ° We ; shear vlsc °s'tV. which can lower power needs 

<o mixed system, volume resistivity is adequate a S^SJ^ST reSU ' tin9 . * the 
isad.ntageousforlowerdissipationfa^^ 

Sper SZZZ^ZZ^Z ~r IT * T~ " ^ ° ° 1 to *" 1 Part b ^ 
used in the insulation .ayer I amounts of ^O ^SS^r^ST^^ '* preferabl " 

otubes in the insulation layer are reduction or ^^^^^ advanta 9 es of ^ canbon nan- 
patmg electric energy or reducing electric stress 9 ,ncrea s-ng breakdown strength by dissi- 

the substrate; or wrapping around the substrate ^IJT^ ° de extrudln 9 around the substrate; coating 

for example, a core induing a conduct inthe art " Tba substrate can include" 

The conductors can be electrical such as ££2 0 r olT n S " 7™* T*'^ 9 Cable as "^ d above. 

[0036] All molecular weights nt^nL^^^SSSS^^ 35 fib6r *** ^ Up ° f 9lass fibers - 
designated. tniS s P ecif,cat| on are weight average molecular weights unless otherwise 

S ^ S PatentS mentioned in this specification are incorporated by reference herein 
[0038] The invention is illustrated by the following examples: ^ 
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Examples 1 to 4 

[0039] Products suitable for semiconductive shielding and of electrical power cables are prepared at various ratios 
of conductive carbon black and carbon nanotubes. The viscosity and electrical properties of these compositions are 
5 then measured. 

[0040] Example 1 is a material which is known in the art to be useful for semiconductive shielding of electrical 
power cables. This material is made from 60 weight percent, with respect to the weight of the composition, of ethyl- 
ene/ethyl acrylate which is a copolymer of ethylene and ethyl acrylate having an 1 8 percent by weight ethylene acrylate 
content and a melt index of 20 grams per 10 minutes. Example 1 also contains 38 weight percent of commercially avail- 
10 able conductive carbon black, Denka Granules, which is an acetylene black having a surface area of 60 square meters 
per gram determined under ASTM D 4820-93a (Multipoint B.E.T. Nitrogen Adsorption). Polymerized 2,2,4-trimethyM ,2- 
dihydroquinoline is an antioxidant added at 1 weight percent, and the processing additive, polyethylene glycol, is also 
added at 1 weight percent. The composition of Example 1 is shown in Table 1 . 

[0041 ] Example 2 is a commercially available mixture of carbon nanotubes with polyethylene. The composition con- 
15 tains 78 weight percent, with respect to the weight of the composition, of a linear low density polyethylene (LLDPE) hav- 
ing a density of 0.92 gram per cubic centimeter and a melt index of 20 grams per 1 0 minutes. Example 2 also contains 
20 weight percent of carbon nanotubes. This composition also contains approximately 1 weight percent of antioxidant. 
The composition of Example 2 is shown in Table 1 

[0042] Examples 3 and 4 are prepared by blending the compositions of Examples 1 and 2 with a 30 millimeter lab- 
20 oratory scale twin screw mixing device. Example 3 is a blend of Examples 1 and 2 in a ratio of 75:25. Example 4 is a 
blend of Examples 1 and 2 in a ratio of 50:50. The compositions of Examples 3 and 4 are shown in Table 1 . 
[0043] The apparent shear viscosities of Examples 1 to 4 are measured with a piston driven capillary rheometer, 
Gottfert Rheograph™ model 2001. The capillary die is 1 millimeter in diameter, and 20 millimeters in length. The test 
temperature is 1 25 degrees C, which is similar to the temperature at which commercial peroxide crosslinkable semicon- 
25 ductive materials are extruded for shielding of electrical power cables. The piston velocity is varied to obtain an appar- 
ent shear rate from 90 to 900 sec 1 , also a representative range for commercial extrusion processes used for 
semiconductive shielding products. Ths pressure drop across the capillary die is measured with a single pressure 
transducer. The viscosity is calculated from die dimensions, the piston cross section, piston velocity, and the pressure 
drop across the die. The results of these measurements are compiled in Table 1 . 
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TABLE 1 
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50 



55 



Example Number 


1 


2 


3 


4 




Composition, weight percent 


Ethylene/Ethyl Acrylate 


60.0 


0.0 


45.0 


30.0 


LLDPE 


0.0 


79.0 


19.8 


39.5 


Carbon Black 


38.0 


0.0 


28.5 


19.0 


Carbon Nanotubes 


0.0 


20.0 


5.0 


10.0 


Antioxidant 


1.0 


1.0 


1.0 


1.0 


Process aid 


1.0 


0.0 


0.8 


0.5 


Total: 


100.0 


100.0 


100.0 


100.0 




Viscosity, Pascal*seconds 


at 90 -sec' 1 shear rate 


3470 


4480 


1770 


2520 


at 1 80 sec" 1 shear rate 


2360 


2940 


1170 


1560 


at 360 sec" 1 shear rate 


1570 


1810 


840 


1000 


at 900 sec" 1 shear rate 


858 


875 


506 I 


557 



The viscosity of Example 1 at 360 sec" 1 shear rate, 1570 Pascal seconds, is very typical for commercial products useful 
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Examples 5 to 8 

and then cured for is minutes at its ^^^S^^^T ^ megapascals P^ure 
approximately 3 mm thick, 25 mm wide, and 70 mm in tenSh c J2J£ ° rectan 9 u,ar sam P'<* with dimensions 
to apply electrodes on these samples across ZeZth anJIhickness T (DUP ° nt ™ 9rade 481 ™> iS Used 
curing, electrical leads are connected to the liver rT * 3 diStanCe ° f 50 mi " imetere - After 

a two wire resistance meter. The volume r-^T^SZTftSE^ l"'* * *" SamP ' eS h meaSured with 
electrodes (50 mm), and the cross sectional area of Z ^lTs ST r6SiStanCe ' the ton * h between th * 
tures by placing the sample inside a laboratory oven )- ReS ' Stance 18 measured at high tempera- 

Sxposu^ 

for one day at room temperature, at which time the resell , P *'! mmWed fr ° m the 0ven and al,owed *> cool 
on Examples 5 to 8 are shown in Table 2 ^ Th ZemZ^TZlZT^ T"' ^ ^ ° f these measurements 
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TABLE 2 
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Example Number 


i 5 


I ■ 


i ' 


i • 








composition, weight percent ~ 1 


Example 1 


98.9 








Example 2 




98.9 






Example 3 






98.9 




Example 4 








98.9 


dicumyl peroxide 


1.1 


1.1 


1.1 


1.1 J 


Total: 


100.0 


100.0 


100.0 


100.6] 








volume Resistivity (ohm centimeters) ~" 


at 23°C 


13 


4.0 


67 


14 j 


at 90°C, 1 day exposure 


50 


4.2 


150 


"Ti 


at90°C, 15 days exposure 


47 




150 


20 


at 23°C, after 1 5 days at 90°C 






82 


17 j 










at 130°C, 1 day exposure 


260 


5.6 


220 


18 


at 130°C, 15 days exposure 


250 




200 


18 


at 23°C, after 1 5 days at 1 30°C 


28 




110 


17 



tivrty. OT power cab,e - an ° hence, ,t .s desirable to minimize the volume resis- 
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[0047] Example 5 shows the volume resistivity for materials which are used commercially to shield power cables. 
The volume resistivity of the crosslinked semiconductive material increases with temperature, and remains stable after 
exposure to high temperatures for an extended period of time. After exposure to 130 degrees C and cooling down to 
room temperature, this material exhibits a significant increase in volume resistivity, which is undesirable. 
5 [0048] Example 7 exhibits behavior similar to Example 5 except that there is less of a relative increase in volume 
resistivity with temperature, and less relative permanent increase in the room temperature volume resistivity after the 
temperature cycle. Even though the absolute value of volume resistivity for Example 7 is higher than Example 5, the 
stability of volume resistivity with temperature cycling and time is very desirable. 

[0049] Example 8 exhibits superior volume resistivity characteristics relative to Example 5. This semiconductive 
10 composition exhibits very little temperature dependence on volume resistivity, and essentially no change in volume 
resistivity after temperature cycling. 

[0050] The lower absolute volume resistivity and improved thermal stability of volume resistivity of Example 8 is 
highly desirable behavior, and is unexpected, especially when viewed in light of the lower viscosity measured on this 
composition in Example 4. 
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Claims 



1 . A cable comprising one or more electrical conductors or communications media or a core of two or more electrical 
conductors or communications media, each electrical conductor, communications medium, or core being sur- 

20 rounded by a layer comprising: 

(a) polyethylene; polypropylene; or mixtures thereof; 

(b) carbon nanotubes; 

(c) optionally, a conductive carbon black other than carbon nanotubes; and 

25 (d) optionally, a copolymer of acrylonitrile and butadiene wherein the acrylonitrile is present in an amount of 30 

to 60 percent by weight based on the weight of the copolymer or a silicone rubber. 

2. The cable defined in claim 1 wherein component (a) is a copolymer of ethylene and an unsaturated ester. 

30 3. The cable defined in claim 2 wherein the copolymer is selected from the group consisting of vinyl esters, acrylic 
acid esters, and methacrylic acid esters wherein the ester is present in the copolymer in an amount of 20 to 55 per- 
cent by weight. 

4. The cable defined in any one of the preceding claims wherein the layer is a semiconducting shield and component 
35 (b) is present in an amount of 1 3 to 1 00 parts by weight per 1 00 parts by weight of component (a). 

5. The cable defined in any one of the preceding claims wherein the layer is a semiconducting shield and, for each 
100 parts of component (a), component (b) is present in an amount of 1 to 35 parts by weight; component (c) is 
present in an amount of 13 to 1 00 parts by weight; and the weight ratio of component (b) to component (c) is 0.1 :1 

40 to 10:1. 

6. The cable defined in any one of claims 1 to 3 wherein the layer is an insulation layer and component (b) is present 
in an amount of 0.01 to 1 part by weight per 100 parts by weight of component (a). 

45 7. A cable comprising one or more electrical conductors or communications media or a core of two or more electrical 
conductors or communications media, each electrical conductor, communications medium, or core being sur- 
rounded by a semiconducting shield layer comprising: 

(a) a copolymer selected from the group consisting of vinyl esters, acrylic acid esters, and methacrylic acid 
so esters wherein the ester is present in the copolymer in an amount of 20 to 55 percent by weight; 

(b) carbon nanotubes; 

(c) a conductive carbon black other than carbon nanotubes; and 

(d) optionally, a copolymer of acrylonitrile and butadiene wherein the acrylonitrile is present in an amount of 30 
to 60 percent by weight based on the weight of the copolymer or a silicone rubber; 



with the conditions that, for each 100 parts of component (a), component (b) is present in an amount of 2 
to 20 parts by weight; component (c) is present in an amount of 15 to 80 parts by weight; and the weight 
ratio of component (b) to component (c) is 0.2:1 to 8:1 . 
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8 - -SL™ 

rounded by a layer comprising: conductor, communications medium, or core being sur- 

(a) polyethylene; polypropylene; or mixtures thereof and 

(b) carbon nanotubes 

b7w^T at ' ^ 1 °° P8rtS ° f COmp0 " ent Com P°-t (b) is present in an amount of 0.05 to 
9. A composition comprising: 

(c) a conductive canbon black other than carbon nanatubes; and 

component (b) ,o component, 7a,^"o7o " * ""^ °" ~"° * 
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